We present the development and validation of the Higgs Optimized b Identification Tagger (HOBIT), a multivariate b-jet identification algorithm optimized for Higgs boson searches at the CDF experiment at the Fermilab Tevatron. At collider experiments, b taggers allow one to distinguish particle jets containing B hadrons from other jets; these algorithms have been used for many years with great success at CDF. HOBIT has been designed specifically for use in searches for light Higgs bosons decaying via H → bb. This fact combined with the extent to which HOBIT synthesizes and extends the best ideas of previous taggers makes HOBIT unique among CDF b-tagging algorithms. Employing feed-forward neural network architectures, HOBIT provides an output value ranging from approximately -1 ("light-jet like") to 1 ("b-jet like"); this continuous output value has been tuned to provide maximum sensitivity in light Higgs boson search analyses. When tuned to the equivalent light jet rejection rate, HOBIT tags 54% of b jets in simulated 120 GeV/c 2 Higgs boson events compared to 39% for SecVtx, the most com- monly used b tagger at CDF. We present features of the tagger as well as its characterization in the form of b-jet finding efficiencies and false (light-jet) tag rates.
Other features also distinguish the b jet from other jets. Due to the large 48 mass of the b quark, the collective invariant mass of the decay products of 49 B hadrons will be larger than those from the decay products of hadrons not 50 containing b quarks. Furthermore, the large relativistic boost typical of a B 51 hadron will result in decay products which tend to be more energetic and 52 collimated within a jet cone than other particles. Finally, particle multiplic- 
The CDF Detector

157
The CDF II detector is described in detail elsewhere [11] . The detector is 158 cylindrically symmetric around the proton beam line 2 with tracking systems 159 that sit within a superconducting solenoid which produces a 1.4 T magnetic 160 field aligned coaxially with the pp beams. A set of calorimeters and muon 161 detectors, to be described later, surround the tracking systems and solenoid.
162
The outermost tracking system, the Central Outer Tracker (COT), is a The proton beam direction is defined as the positive z direction. The rectangular coordinates x and y point radially outward and vertically upward from the Tevatron ring, respectively. Transverse energy, and transverse momentum are defined as E T =E sin θ, and p T =p sin θ, respectively, θ having been defined in Sec. 3 providing coverage in the pseudorapidity region |η| ≤ 1.0 [12] . Sense wires are arranged in eight alternating axial and ±2
• stereo "superlayers" with 12 
286
The full list of inputs to HOBIT ranked by importance after TMVA's 287 training is provided in Table 1 . Here, "importance" refers to the sum of 
The RomaNN inputs
292
RomaNN inputs used in HOBIT consist of observables built using tracks 293 and vertices found to be "heavy-flavor-like" (HF-like) according to its NNs.
294
No modifications were made to the RomaNN inputs compared to the pub- 
322
Some of the inputs to the track-by-track NN take advantage of the fact 323 that tracks from B hadron decays are displaced from the primary vertex.
324
These inputs include the impact parameter, the distance along the z-axis be- to have E T > 15 GeV and |η| < 2, the same E T and η requirements as systematic uncertainty. We assume σ tt = 7.04 ± 0.704 pb [19] , and take the shown, where we take the larger of the two shifts in the result due to an 450 increase/decrease in σ tt and then symmetrize the uncertainty.
451
The determination of the b-tag and mistag SFs are subject to the same and LF jets based upon whether the electron is identified as coming from a 474 photon conversion.
475
The event sample consists of back-to-back dijet events where one jet contains an electron candidate (the electron jet, or "e-jet"), while its opposite jet has no such requirement (the away jet, or "a-jet"). We can label each jet originating either from an HF quark ("B") or a light flavor quark or gluon ("Q") and categorize each event as N XY , where the e-jet has flavor X and the a-jet has flavor Y. Then the total number of events (N e ) is
and the HF fraction of the e-jets is
Applying a b tag on the e-jet with a tagging efficiency ( e ) and a mistag rate ( mis ), the number of b-tagged e-jets (N e + ) is
Assuming the fraction of light flavor jets with conversions is f c and the conversion finding efficiency is c for the light flavor jets and 0 for the HF jets, we can obtain the number of e-jets identified from the conversion N ec as
After tagging, the number of b-tagged conversion e-jets (N ec + ) becomes
where k is the ratio of the b-tag efficiency for an HF e-jet identified as a 476 conversion to that for one that is not.
477
The previous two equations allow us to solve for mis and e :
Here, all terms that are not the mistag and efficiency rates can be counted SecVtx-tagged jets are found to contain conversion electrons and then adjust 484 this rate using negatively-SecVtx-tagged jets.
485
The resulting tagging efficiency SFs for the loose and tight HOBIT out- 
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The SFs on the mistag rate for the loose and tight HOBIT operating 
